Objective: Cerebral venous sinus thrombosis (CVST) is a life-threatening cerebrovascular disease which has high prevalence and mortality rate in Iran. Thrombophilia caused by gene mutation is a common cause of CVST. The present study aimed at assessing the prevalence of thrombophilic gene mutations in Iranian CVST patients and then comparing it with normal population. Materials and methods: In a case-control study, polymerase chain reaction-restriction fragment length polymorphism (PCR_RFLP) and amplification-refractory mutation system (ARMS-PCR) were carried out to detect common thrombophilic mutations in 70 CVST patients. Next, it was compared with 82 sex-and age-matched healthy controls. Results: Factor
Introduction
CVST is a relatively rare life-threatening cerebrovascular disease that specifically affects young and middle-aged women. The prevalence of CVST is 5 per million, which constitutes 0.5% of total strokes [1] [2] with a mortality rate of below 10% [1] . The prevalence of CVST in Iran has been demonstrated to be 12.3 per million, and it has a higher mortality rate compared to western countries [3] . The higher prevalence and mortality rate of CVST in Iranian patients necessitates further investigation of its etiology [3] .
Several risk factors have been reported for thrombosis in CVST patients recently [4] . Besides the acquired risk factors of thrombosis, 10% -15% of CVST cases may show a form of hereditary thrombophilia [4] . On the other hand, people with a genetic background predisposed for thrombosis should avoid taking oral contraceptives (OCP) and hormone replacement therapy (HRT), especially when there is a history of venous thrombosis [5] . Furthermore, these mutations may cause thrombophilia and increase the risk of CVST during pregnancy and the postpartum period [6] . Anticoagulation therapy is recommended for patients with homozygous gene mutations causing long-time thrombophilia. Thus, it is important to determine the genetic risk factors of thrombosis so as to deduce the duration of treatment [7] .
Owing to the high incidence of CVST and its mortality rate in Iran, and also due to lack of similar studies determining the inherited predisposing factors of CVST in northwest Iran, we conducted this study to assess the prevalence of thrombophilic gene mutations in Iranian CVST patients and compare it with normal population.
Materials and Methods

Epidemiologic Considerations
In a case-control study conducted from October 2014 to December 2015, all patients (n = 70) with a definite diagnosis of CVST, who were referred to ImamReza and Razi hospitals, had been enrolled. These two tertiary hospitals are the main referral destinations for neurological diseases in northwest Iran. The cases were diagnosed based on clinical manifestations and MRI and MRV findings. As for the control group, 82 healthy controls (with the same ethnicity and origin) with no family history of venous or arterial thrombosis were selected and matched for age and gender. Common gene mutations involved in thrombophilia (as described below) were assessed in all the participants. 
Genotyping Procedure
Blood samples (2 ml) were taken from the patients' right brachial vein using a 2-ml sterile disposable syringe and a 22-guage sterile disposable needle without using any local anesthetic, while DNA samples were extracted using the saltingout method. Appropriate forward and reverse primers (Table 1) were designed, and PCR conditions were optimized. A standard PCR protocol was used based on our previous study and Mutations were assessed using the PCR-RFLP and ARMS-PCR techniques [8] . The RFLP analysis was carried out using restriction enzymes ( Table 2) . 
Statistical Analysis
The descriptive data was described as frequency-percentage and mean ± SD. The quantitative variables were compared using the independent sample t test, while the categorical (qualitative) variables were compared by chi-square test or Fisher's exact test. SPSS version 17 was used for data analysis. P-value < 0.05 was considered as statistically significant.
Results
The mean age of the CVST group was 37.3 ± 12.2, while the same for the control group was 33.8 ± 10.1 years (P = 0.058). There were 56 women and 14 men in the CVST group compared to 55 women and 27 men in the control group (P = 0.073). Figure 1 shows PCR analysis of extracted DNA samples. The frequency of gene mutations is listed in Table 3 . As shown, the prevalence of Factor-V-Leiden, Factor-V-Leiden HR2, Factor prothrombin II, 
Discussion
There is a growing research interest in genes associated with coagulation factors and their inhibitors. About 30% -40% of patients with CVST had a hereditary background of thrombophilia [4] . The results of this study showed that the fre- 
Factor V-Leiden Mutation
Factor V-Leiden mutation, which shows an irregular geographical dispersion, is the most common hereditary risk factor of venous thrombosis [1] . This mutation is not present in Africans, Americans, Asians, and native Australians.
However, almost 5% of white Americans, Canadians, and north Europeans as well as 15% of people of Sweden and Cyprus carry this mutation [9] . In Iran, the prevalence of Factor V-Leiden mutation is approximately 3.3% among thrombophilic patients, even though its prevalence among the general population is still unknown [9] [10]. Zuber et al. studied the Factor V Leiden mutation in
French patients with CVST and showed the heterozygous form of this mutation in four (21%) among 19 patients compared to one (1.75%) among the 57 controls [11] . In another Spanish study, the heterozygous Factor V Leiden mutation was found in one (6%) patient after assessing 16 patients with CVST [12] .
We found Factor V Leiden mutation in eight (11.4%) patients and one (1.2%)
control. Furthermore, Factor V Leiden-HR2 was detected in 26 patients (37.1%) and 15 controls (18.3%) respectively. It was significantly high in patients with CVST compared to controls.
Prothrombin II (G20210A)
Zivelin et al. studied prothrombin II (G20210A) polymorphism in 1,670 Jews of various ethnic groups, and its frequencies in European Ashkenazi Jews, North
African Jews (Sefadric), Iranian Jews, and Ethiopian Jews were 6.7%, 5.5%, 2%, and 0%, respectively [13] .
Martinelli et al. reported that 20% of their Italian CVST patients and Sán-chez-Martín et al. reported that 12% of their Spanish CVST patients had prothrombin II (G20210A) mutation [14] . We found prothrombin II (G20210A) mutation in 10% of our patients and in none of the subjects in the control group.
Ashjazadeh et al. reported that the prevalence of prothrombin II (G20210A) mutation was not significantly higher in CVST patients in southern Iran with predominant Fars ethnicity [1] . Our findings were inconsistent perhaps because of different ethnic groups and different geographical areas were studied.
MTHFR Mutation
MTHFR mutation increases the blood homocysteine level, leading to a susceptibility to thrombosis. This mutation was seen in 5% -15% of different races [13] [15] [16] . Salomon et al. studied patients with idiopathic venous thromboembolism (VTE) and reported that the rate of MTHFR-C677T mutation was higher in VTE patients compared to healthy subjects (22.8% vs. 14.3%) [17] . The rate of MTHFR-C677T mutation in CVST patients has been reported to be about 12.5% 
OCP Use
It was earlier observed that OCP users are at increased risk for CVST [19] [20]
[21] and this risk increases if there is concomitant mutation in the prothrombin II (G20210A) gene [14] . In this study, out of 41 women with CVST who were not pregnant or in the postpartum state, 30 (73%) were taking OCP, but the proportion of prothrombin II (G20210A) mutation was not higher in OCP users compared to non-OCP users (13% vs. 9%, P = 0.59) in our study, which may be due to the small sample size.
Limitations
This study has some limitations. First, this was an observational study, and the associations reported in this article do not necessarily clarify causes. Second, the sample size was relatively small and we recommend complementary studies based on a larger sample size.
Conclusion
Altogether the evidence found in the present study indicates that some of here- 
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